Liver biopsy is not routine during bariatric surgery. Alanine aminotransferase (ALT) is widely used to screen for liver disease. We assessed the relationship between ALT and pathology in biopsies from Longitudinal Assessment of Bariatric Surgery (LABS) patients with normal preoperative ALTs. Biopsies from the LABS-1 and LABS-2 studies were scored using the NASH CRN and Ishak systems. Diagnosis and histology were examined in relation to alanine aminotransferase (ALT) values. Six-hundred ninety-three suitable biopsies were evaluated. Biopsied patients had a median age of 45 years; 78.6% were female and 35.1% diabetic; median body mass index was 46 kg/m 2 . Six-hundred thirtyfive biopsied patients had preoperative ALTs. Median ALT was 25 IU/L (interquartile range [IQR] 19-36 IU/L); 26.6% had an ALT > 35 IU/L and 29.9% exceeded the more restrictive Prati criteria for normal. Using the Prati criteria, 7.9% of participants with normal ALT had steatohepatitis and 5.3% had ! stage 2 fibrosis. Logistic regression models were used to predict the probabilities of having bridging fibrosis/cirrhosis or a
Obesity is the most significant public health issue currently facing the U.S. population, of whom $33% are overweight (body mass index [BMI] [25] [26] [27] [28] [29] [30] and 36% are obese (BMI > 30). [1] [2] [3] [4] It is the predominant cause of nonalcoholic fatty liver disease (NAFLD) in the United States and Western Europe, 5, 6 although not necessarily in other parts of the world, 7 and is also associated with a variety of other serious consequences. 8 NAFLD encompasses a spectrum from hepatic steatosis through nonalcoholic steatohepatitis (NASH) to cirrhosis and end stage liver disease.
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Although steatosis and its association with obesity, and steatohepatitis and its association with alcohol abuse have long been known, the first, underappreciated descriptions of nonalcoholic steatohepatitis appeared in 1952 13 and 1971.
14
The designation nonalcoholic steatohepatitis and its acronym NASH were reported by Ludwig et al in 1980, 15 and in a seminal series by Powell et al in 1990. 16 While initially considered a rare entity, the prevalence of NASH, along with NAFLD, has increased dramatically with that of obesity.
As the epidemic of new cases of hepatitis C wanes 17, 18 and new antiviral therapies improve the treatment of chronic hepatitis C infection, [19] [20] [21] [22] end-stage liver disease evolving from NAFLD via NASH is projected to become the major indication for liver transplantation, perhaps as early as 2025.
23-25
There is no generally accepted pharmacologic treatment for NAFLD despite some positive trials (e.g., 26 ). The failure to obtain consistent responses to proposed therapies may reflect the growing diversity of genotypes in which a phenotypically similar NAFLD has been detected by means of Genome-Wide Association Scan (GWAS) studies. 27 Bariatric surgery offers an alternative, and some would argue the best, option for the treatment of obesity, which is widely presumed to be the basis for most cases of NAFLD. The LABS consortium was created to assess the long-term durability of weight loss and the associated benefits to other health outcomes following bariatric surgery. 28 When the major LABS protocols were initiated nearly a decade ago, much of the focus was on the potential impact on diabetes and associated cardiovascular disease. With the increasing recognition of the role of obesity in the pathogenesis of serious liver disease in Western countries, the incidence of the various stages of NAFLD in bariatric surgery patients, whether they could be identified by noninvasive methods, and the impact of bariatric surgery on liver disease outcomes have become 
Methods Participants
The biopsies reviewed in this report were obtained from the 6,383 patients who underwent primary bariatric surgical procedures in either the LABS-1 or LABS-2 study. The general design of these studies and procedures for patient recruitment and consent were described earlier. 30 LABS-1 was a short-term study that focused on significant complications including mortality in the 30 days after an initial bariatric surgical procedure. As part of LABS-1, 4,776 patients underwent a bariatric surgical operation. The characteristics of the patient cohort and the results of LABS-1 have already been reported. 31 The LABS-2 study, which is currently in its seventh year, involves more detailed, longer-term follow-up of patients after bariatric surgery. The LABS-2 cohort is comprised of 2,458 patients. The composition of the cohort and 3-year outcomes have recently been reported.
32

Biopsies
Liver biopsies were obtained during bariatric surgeries according to the local standard-of-care and using local standards for biopsy technique. Participants enrolled in LABS-2 were consented for liver biopsy review by the study pathologist at the time of enrollment. Consent for biopsy review was obtained from LABS-1 participants retrospectively. Hematoxylin and eosin and Masson trichrome stains were available on all biopsies. The study pathologist (DEK) was blinded to all clinical and demographic data. Biopsy adequacy was determined by measuring the length of the biopsy in mm and by counting portal areas. Biopsies measuring 10 mm in length or diagnosis of borderline/definite steatohepatitis in the unbiopsied LABS-2 sample. The proportion of biopsied participants with these findings was very similar to the modeled results from the unbiopsied cohorts. We estimated that 86.0% of participants with advanced fibrosis and 88.1% of participants with borderline/definite steatohepatitis were not biopsied and went undiagnosed. As ALT did not reliably exclude significant obesity-related liver disease in bariatric surgery patients, consideration should be given to routine liver biopsy during bariatric surgery and medical follow-up of significant hepatic pathology.
having 10 portal areas were generally considered adequate for scoring, while smaller biopsies that nevertheless still could be scored were considered suboptimal. Biopsies graded as inadequate were not scored. Features of fatty liver disease were scored using the system devised by the NASH Clinical Research Network (NASH CRN). 12 The NAFLD Activity Score (NAS) was used as a composite measure of injury. Inflammation and fibrosis were further evaluated using the Ishak scoring system. 33 In addition to scoring the biopsies, each biopsy was categorized into one of four histological patterns: "Not Steatohepatitis," "Borderline, Zone 3 Pattern," "Borderline, Zone 1 Pattern" and "Definite Steatohepatitis," according to definitions used by the NASH CRN. Because biopsies were only obtained as part of the locally established standard of care, there was a wide variation with respect to the proportion of biopsies performed among the total number of bariatric procedures. Of the 38 participating surgeons, 3 had a high biopsy rate (89.6%, 92.7% and 94.1% of first surgeries), 8 had biopsy rates between 20 and 80%, 20 had biopsy rates less than 20%, and 7 surgeons performed no biopsies. To gain perspective on the differences in the various samples, data from participants (►Table 1) and biopsies (►Table 2) for the three surgeons with rates greater than Fasting insulin a , mU/mL (median, Q1$Q3)
Abbreviations: BMI, body mass index; ALT, alanine aminotransferase; AP, alkaline phosphate; AST, aspartate aminotransferase a Data collected on LABS-2 participants (n ¼ 2458) only. This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
80% were compared against the data from surgeons who did not use biopsy as frequently. The biopsies included in the study had a median length of 12 mm (IQR 9 to 16 mm) and a median number of portal areas of 12 (IQR 8 to 17) with a slight tendency toward longer samples with more portal areas in the more selectively obtained biopsies (►Table 2). Although the differences were not dramatic, biopsied patients of surgeons who performed fewer biopsies were more often male, less often Caucasian, more often diabetic, and had higher BMI, alanine aminotransferase (ALT), and aspartate aminotransferase (AST) (all p 0.01). As expected, participants sampled more selectively had more inflammation (lobular and portal), more ballooning, more fibrosis, and higher NAS. The available biopsy data showed a low rate of serious liver disease. Only 4.2% of biopsies showed bridging fibrosis or cirrhosis, and only 13.7% had a NAS of 5 or greater. With respect to diagnostic categorization, only 16.2% had definite steatohepatitis, although an additional 17.4% had borderline steatohepatitis, including one participant who had the zone 1 borderline pattern associated with fatty liver disease in young children.
11 Histological analyses also included scoring inflammation and fibrosis using the Ishak scoring system (►Table 2). More than 40% of the biopsies had evidence of interface hepatitis although in only 3.2% of cases did this involve more than half of the portal areas (Ishak periportal inflammation score > 1). Moderate portal inflammation (Ishak portal inflammation score > 1) was seen in 15.7%. Larger foci of confluent lobular inflammation or severe perivenular inflammation were found in only 4.6% (Ishak confluent necrosis ! 1). The histological characteristics of the biopsies as defined by ALT values are summarized in ►Table 3 and ►Fig. 1. The histological changes are generally milder in patients with ALTs < ULN under the stricter Prati criteria than under the LABS criteria, but the differences are not great. Even using the lower Prati values for the ULN for ALT, 3.7% of biopsies have NAS ! 5, 1.6% have a fibrosis stage ! 3 (bridging or cirrhosis), and 7.9% have definite steatohepatitis. Other important histological finding of hepatocyte injury were also noted among those with "normal" ALT, including 10.1% with acidophil bodies, 13.2% with megamitochondria, 4.2% with microvesicular steatosis, and 1.1% with Mallory-Denk bodies. While an absolute level of ALT is a poor test to exclude disease, participants with ALT ! 35 at the time of bariatric surgery had a high rate of significant disease, with 35.5% having NAS ! 5, 10.7% having fibrosis stage ! 3, and 35.5% having definite steatohepatitis.
To estimate the proportion of participants with significant disease in the unbiopsied LABS-2 sample for whom ALT data were available (n ¼ 1970), we developed logistic regression models based on data from 264 LABS-2 participants with data for age, sex, ALT and biopsy results to predict the probability of having a significant fibrosis stage (bridging fibrosis or cirrhosis) (area under ROC; i.e., c-statistic ¼ 0.65) or of having the diagnosis of borderline or definite steatohepatitis (area under ROC; i.e., c-statistic ¼ 0.77), adjusting for age, sex and ALT (►Table 4). It is important to note that the biopsied LABS-2 population used for this analysis had worse disease than the LABS-1/LABS-2 population described in ►Table 2. The fibrosis stage model predicted that 117 (95% CI: 67-199) or 5.9% (95% CI: 3.4-10.1%) of these 1,970 unbiopsied LABS-2 participants were likely to have bridging fibrosis or cirrhosis. The proportion of biopsied participants with significant fibrosis stage was about the same as the modeled results from the unbiopsied cohorts (7.2% vs. 5.9%), that is the 95% CIs overlapped (4.1-10.3% vs. 3.4-10.1%). With respect to diagnosis, a separate model predicted that 898 (95% CI: 751-1049) or 45.6% (95%CI: 38.1-53.2%) of the 1970 unbiopsied participants were likely to have borderline or definite steatohepatitis. Based on these models it is estimated that 86.0% of participants with advanced fibrosis and 88.1% of those with borderline or definite steatohepatitis in our cohort were not biopsied and went undiagnosed.
Discussion
A recent PubMed search identified 36 reports describing the hepatic histology observed in $ 7,000 liver biopsies obtained during bariatric surgery over the past 25 years. They described series of varying size, of which the largest, at 679 and 689 biopsies, respectively, 34, 35 were similar in size to the current cohort. Most of these studies observed the entire spectrum of NAFLD, although the relative proportions of the various elements varied appreciably, in part because of changes in diagnostic criteria over time, different pathologists, and differences in the circumstances under which biopsies were collected. In two series that examined histology in the light of clinical test results, cases with significant hepatic injury including cirrhosis were found not infrequently in the presence of normal serum aminotransferases, 36, 37 although in one series the ULN for ALT was considered to be 72 IU/L. 37 Thus, although it is clearly common, the overall severity and long term implications of liver disease in bariatric surgical patients remain unclear, as does the appropriate approach to screen them for liver disease. Given the growing increase in morbidity and mortality associated with the increased incidence of end-stage obesity-associated liver disease and the growing financial burden of liver transplantation in the population, these two unanswered questions are becoming increasingly critical. Reflecting differences of opinion among LABS surgeons as to the importance of routine liver biopsy during bariatric surgery, liver biopsies were not a required part of any LABS study. Instead, liver biopsies were performed as part of the standard of care at each institution, according to the individual practices of the participating surgeons. Our data show that there is wide institutional variation in biopsy rates between surgeons, with some surgeons biopsying all patients and others biopsying none. We found small but significant differences in the frequency with which serious histologic abnormalities were detected by surgeons who routinely biopsied most cases and those who performed liver biopsies more selectively, if at all. We also demonstrated that an appreciable minority of participants with "normal" ALTs both by the LABS consensus criteria and by the stricter criteria of Prati et al 29 nevertheless have evidence of significant liver Several studies have demonstrated that the ability of surgeons to identify significant liver disease during surgery is limited and unreliable. 39, 40 It is often assumed that a "normal" ALT value is a surrogate marker for the absence of significant liver disease. However, unlike many measurements used in routine clinical chemistry, ALT normal ranges are not determined from validated standards. Instead, they are determined using varying procedures and types of instrumentation on samples collected from local reference populations, 41 in which such issues as diet and incidence of obesity may appreciably impact the results. Consequently, the ULN for ALT varies almost twofold among major laboratories.
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Much of the variability is believed to derive from differences in the local populations sampled to define the ULN. Accordingly, at the start of LABS our protocol defined the ULN for ALT to be 35 IU/L to standardize the evaluation and interpretation of ALT values reported from 11 sites around the country. Subsequently, others have suggested lower values for the ULN based on measurements in patients without any evidence of liver disease. In particular, Prati et al recommended ULN of <30 IU/L in men and <19 IU/L in women. 29 Accordingly, in this study, we used the laboratory data and standard of care biopsies obtained as part of LABS to see if the stricter Prati limits for the normal range of ALT would effectively exclude serious liver disease in the LABS samples. However, a significant minority of participants with "normal" ALT by the Prati criteria nevertheless had evidence of serious liver disease, including 18.4% with some degree of steatohepatitis and 5.3% with fibrosis of stage 2 or worse. These data indicate that physicians and surgeons evaluating patients for bariatric surgery cannot assume that a normal range ALT value indicates an absence of significant liver disease. Because the LABS study overall was not designed to assess liver disease across the bariatric surgery population, some limitations should be noted. That only standard-of-care biopsies were obtained for this study resulted in nonrandom assessment of 10.9% of LABS participants. Testing to exclude other liver disease (particularly chronic hepatitis C) was not rigorously performed, so that our sample likely includes 2 to 3% of participants with viral hepatitis. These may account for some of the cases with more severe portal and periportal inflammation. Nevertheless, the proportion of participants with steatohepatitis, steatosis and advanced fibrosis is well within the range of findings by others with more systematic sampling. 34, 35 Moreover, biopsies performed selectively did not show dramatically different histological findings from those obtained systematically. The main analyses performed in this study, evaluation of the histologic spectrum observed in participants with normal ALT, should not be as affected by the way in which our participant population was sampled. The Ishak scoring system, included in this study for the sake of completeness, is most often used in the evaluation of chronic hepatitis. It does not include evaluation of perisinusoidal fibrosis, an important feature of NASH, but does provide a more detailed grading of inflammation and interface hepatitis than other systems routinely employed. Although of value for investigative purposes, it is unclear if the added information it provides justifies its inclusion in routine clinical diagnostic studies. Finally, the relatively simple models employed to explore the potential for missed pathology in the nonbiopsied patients of the LABS-2 cohort were not validated in an independent dataset, and their prediction performance characteristics were imperfect (c-statistics 0.65-0.77). Although this limits to some degree the precision of our model-based predictions, the computed CIs nevertheless strongly suggest that considerable significant pathology is being missed by current sampling procedures. In summary, the bariatric surgery population is at appreciable risk for significant and potentially fatal liver disease even in many patients who present with normal ALT levels. Our data demonstrate that a normal ALT, even if strictly defined, is not a reliable surrogate marker for a healthy liver. Development of an accurate noninvasive method for assessing the state of the liver preoperatively should have a high priority, as should well-designed studies to follow the evolution of biopsy proven liver disease after bariatric surgery. Adequate data on this key issue do not yet exist. 42 However, while currently available noninvasive tests are inadequate to reliably detect significant liver disease in the LABS population, liver biopsy can detect it, and in the setting of a laparoscopic bariatric procedure, can do it both safely and inexpensively. It has been argued that there is no need to make an early diagnosis or follow such patients because there is currently no agreed-upon, effective medical therapy for NASH. This lack of an agreed-upon medical treatment approach is conceded even in the NASH treatment guidelines published jointly by the American Gastroenterological Association, American Association for the Study of Liver Diseases, and the American College of Gastroenterology, 38 which review the multiple options currently available to treating physicians. However, the analogy to hepatitis C is instructive. It became apparent recently that hepatitis C was suddenly, after a quarter century of therapeutic frustration, a medically curable disease. The euphoria was brief since, due to a failure of screening programs worldwide, 75 to 90% of hepatitis C virus-infected patients are asymptomatic, unaware of their disease, and do not present for treatment until it is far advanced. As with hepatitis C, there will, eventually, be effective medical therapies for NASH. Afflicted patients will surely be better off knowing they have it and being followed by physicians trained and ready to offer them new, effective treatment options as soon as they are available, rather than This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.
waiting to be treated only after serious symptoms announce the diagnosis. Liver biopsy during bariatric surgery offers a key opportunity to diagnose an important and currently underdiagnosed illness, and to offer medical follow-up to affected patients. Liver biopsy should be considered routinely during bariatric surgery.
